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BIOLOGICAL CONTROL OF DRECHSLERA TERES:

ABILITY OF ANTAGONISTS TO REDUCE CONIDIA

FORMATION, COLEOPTILE INFECTION AND LEAF
INFECTION IN BARLEY (HORDEUM VULGARE)
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ABSTRACT Prevent.ve secd apphcation of an Actnomycete, Trichoderma viride, Myrotheciun
vermcara of Trichoderma pseudokonngn teduced seed borne Drechslera teres fection of bar-
ley coleopt.es by 90%. 87%, 79% and 76%, respective.y  Moreover, leaf infection after aruficial
nocu.anion was decreased by 87%. 84%, 79%, 77% and 71% when the Thibavt culttvar had been
previoLsly treated at the three leaf stage w.th Myrothecium verrncana, Acunomycete, Trichoder-
ma sp Trichaderma vinde or Trichoderma pseudokoningtt respect:vely  These antagonists also
reduced comda formahon on straw colomzed by D feres

RESIME I stade sur orge a confimé [efficacité des germes uanlagonisies {Act nomyecte,
Trichoderma viride Msrothecium werrucana Trichoderma sp el Trichoderma psendokeringit)
sur les trots séquences épdémiologigues majeures de Thelmunthosponose causee par Drechseer.
teres  Linoculam semumeo.e (rédacnon du niveaw d'attagae coléopulaire par I'Acunomycete
00%. Trhederma virde 81%. Myrothecum verracaria ™% et Trichoderma peendokoningn
76%) La contarmnat.on aenenne dimnution de mportance &t du nombre de .ésions foliares
Myrothe tam Verrucaria 81%, Actnomycete 84%, Trichoderma Sp 79%, Trichederma virde
77% et Trichaderma psendokentngn 71%) Pour la comdiogéndse sar pailles, on note des act.ons
antagonistes s:gn.ficanves de Myrothecim yerrucand et de I'Actinomyeete apphiques sur les
résidus de récolte

KEY WORDS  biological control, bar.ey, antagomismi, barley net blotch, Hordeum wufgare,
Drechslera teres

INTRODUCTION

Drechslera teres (Sacc.) Shoem. (anamorph of Pyrencphora teres {. teres
Drechis 15 the causal agent of barley net blotch Th s cereal disease can cadse consid
erab.e camage 11 a number of barley growing areas in Manous parts of the world
{Smedegard-Petersen, 1974, Satton & Sieele, 1983, Martin, 1985, The yield reduction
in barley plants infected with D feres results mainly from decreased werght of gram,
whereas the namber of gra.ns per plant 15 usually less affected (Srth ¢t 4., 185%)
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This pathogen predominantly attacks the leaf and overwinters on infected de-
bris and grain Inoculum destruction and barriers to prevent colonization of the plant

by the pathogen are of primary importance for efficient control of the disease (Shipton
et al., 1973)

Biological contrel, mn ils broadest sense, which includes rotations and other ag
ricultural practices, has been used since prehistory (Campbell, 1990) The direct use of
mucro -organisms 1solated from the soil to wnoculate plants and recuce the d.sease was
first reported 1n a series of papers around 1920 1930 (Campbell, 1990), but these ef-
fects remained largely a sciennfic cunosity until comprehensive books (Baker & Cook,
1974, Cook & Baker, 1983 and Mukern & Garg, 1988) collected and analysed the
avatlable knowledge and stumulated further research, which resulted in many laborato-
1y investiganions but few effective field trials (Campbell, 1990)

Treatment of wheat and barley seeds with Strepromyces griseovirides decreased
damage caused by Fusaruwm spp and Bipolars sorckimiana on both moculated and
vrunoculated seeds (Tahvonen & Avikainen, 1990) Antagomists 1sclated from the res:
dent rucroflora would seem to be good candidates for controlling folar diseases, espe
cially if a strategy of early miroduction and establishment as residents is to be fol-
lowed (Spurr, [981),

Centain groups of bacteria, 1nc.ading fluorescent Pseudomonas, Xanthomenas
and the Ervua spp, are in relatively high densities on leaf sarfaces and non patho-

genic members of these groups have been recognized as potenttal biocentrol agents
{Mukenji & Garg, 1988)

Apart from bactenization, inoculation of seeds with fast growmg fungi can pre-
vent seed decay and seedhing bhght Inoculation of comn seeds with Chaetomuan glo-
bosum has resalted in field control of seedling blight cansed by Fusarium graminea-
rum. S.mlarly oat seeds coated with Chaeformium spp. have some provided control of
Helmmrhosporium victoriae (Purkayastha, 1989)

The a.m of the present study was to assess the ability of some antagonists
against I}, teres on barley to suppress conidia formation and to reduce both coleoptile
and leaf infection

MATERIAL AND METHODS

Antagonists

Isolates of T'richoderma pseudokoningu/N69, Trichoderma vinde/NRG-1, Tri-
choderma sp /BRL 124, Myrothectum verrucarta/N76-1 and actinomycete/N51 were
selected from 50 strans of fungi, actinomycetes and bactena isolated from soil and
straw obtained from the Department of Phytopathology, ENSAT, Toulouse University,
France and tested i virre for their ability to control net blotch caused by D feres
(Mostafa et al, 1992) These fungal 1solates were grown on PCA (potato 20 g, carrot
20 g and agar 20 g i 1000 ml distilled water) in Petri dishes for 15 days asing agar
disks from stock culture under laboratory conditions

Actinomycete/N51 was grown 11 a liqmd culure medium {meat extract 2 g,
peptone 2 g and NaCl 5§ g m 1000 ml dsulled water) for & days under [aboratory con-
dions as shake cultures  Aqueous suspensions of all the antagorists were prepared
and adjusted to 1 x 105 propagules/ml with a haemocytometer
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Pathogen

A 5 mm disk of mycelium of D teres (1solate R3) was taken from the edge of
8-day-old fungal coleny on PCA in a Petn dish and cultured 1 50 ml of 10% V8 hg-
wnd medium, After incubation at 23°C for 10 days, the mycelhum was ground 10 water
with a blender for 1 min to produce approximatively 1 x 10* mycehal fragments per
milliliter. Gelatin {0 25%) and Triton X100 (one sucker drop per 100 ml} were added

Treatment of barley seeds

Seeds of barley culuvar Thibaut were surface sterihized Lsing 953% ethanol (5
mun) then 19% HgCl, (3 m.n} and carefally nnsed in stenlized distilled water (3 x 5
mun) The seeds were dipped mto the propagule suspenstons of the antagonists and al-
lowed 10 dry for 24 b After dipping the seeds into mycelium suspensions of D feres
they were placed 1 test tubes containing cotton soaked 1n a nutnent solution (NaNQ,
1 g, KNO, 025 g, MgSO, 7 H,0 025 g, KH,PO, 025 g and FeCl, 0001 g. 1n dis-
tilled water 1000 ml}, and the tubes were incubated at 18°C with 12h daylength When
the 2nd leaf was almost fully expanded, the necrotic ar¢as on the coleoptiles were ex-
ammed A control set of seeds was inoculated with I teres alone and another set with
sterilized distilled water Each treatment included ten replications (10 x 5 seeds)

Treatment of barley leaves

Seeds of barley cultivar Thibaut were sown 1n pots (10 seeds/pot, with 6 reph
cates per treatment), and when the 3rd leaf was almost fully expanded spore suspen-
sions of the antagomsts were sprayed over the wpper surface of all the leaves Then
after 1ncubation under polyethylene bags for 24 n at 18°C, the leaves were inoculated
with mycehal suspensions of D teres The pots were again covered with polyethylene
bags, for 48 h, and then transferred to a glasshouse for disease development Throw.gh-
out the experiments, the temperature was 1n the range 18 20°C, and the relative hu-
midity was 85-95% with a 12 h daylength (light intensity = 60 Wm by

After 15 days, the incidence% (number of leaves infected per treatment) and
severity (leaf area infected using a scale (Table 1) from O (no discase) to g (max.mum
d.sease) were evaluated and the coeffictent of infechon (C1) was calculated by mu.ti-
plying the incidence by the severity {Loegermg, 1959).

Treatment of barley straw

Sarnples of barley cultivar Thibaut stubble were collected from the fields and
the straw naturally covered with comdiophores of D reres was cui mto 8 cm lengths
These were soaked 1n comdial suspensions of the antagomsts (1 x 10° corndiarml), and
a control sample was soaked 1n sterihzed dishlled water Three replicated Petnn dishes
were set Lp with 10 fragments of straw per d.sh (100% RH, 12 h daylength, 18°C),
and covered so as to promote comaia production After 4 and 6 days, conuchophores
and comd.a were counted microscopically after washing them with 25 ml sterthzed
distilled water

A statistical analysis was carmed out on data us.ng arc sin transformation
(Snedecor & Cochran, 1971}
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I nAF AREA INFECTED SCCRE I¥YMPTCOM DESCRIPTIOCHN
% : o -
a ; s} ; no visually observable infection
: : of the leaf
a - 2.5 ; 1 minute to small lesions @ minute
2.5 - 5 2 ) : necroti¢ areas that may or may not
5 19 : 3 _}  : be accompanied with chlorosis of
H :» surrouanding tissues
10 = 20 ; 4 ) : small to medium sized lesions
20 - 30 : 5 } : necrotic areas medium in size
30 - 40 s 6 ) : and sarrounded by chlorotic zones
40 - 80 7T )
: :“medium to larqe lesions : heavily
: anfected leaves with large necro-
50 - 75 ] }___ 1 tic areas surrounded by large
75 - 100 : 9 ) : chlorotic areas ; blighted and
H : dying leaves

Tanle 1 Gradung and description of net blotch infection symptoms (determined by visual obser
vation, Barrault, 1989)

Tableau 1 - Classes et description de symptémes fobares .nduts par Phelmnthosponiose de
l'orge, Barrault, 1989)

RESULTS
Seed treatment

Table 2 shows that the most severe symptoms {as defined by the extent of
necrotic areas) on the coleophile were observed on the seeds moculated with D teres
alone (97 B%) All the antagomsis .sed reduced the D reres coleopule infection signif-
wantly (P < 005) Seed app.cations of actinomycete/N51 and Trichoderma
vinde/NRG1 gave the best control the seventy of the attack by D teres was reduced
to 9.8% and 13%, respectively.

The mycelial fragments sampled at vanous locations on the necrolic ¢o.eop-
tiles and cultured on V8 agar belonged to express the pathogen D feres i every case

Leaf treatment

Application of anlagomsts | day before moculat.on of the leaves by a mycelial
suspension of D feres sigmificantly reduced the area of the net blotch lesions which
subsequently developed on the leaves Table 3 shows that the cocfficient of wnfection
(Ch 1 the control plants (antreated with the antagonists) was much hgher than in the
plants treated with the antagomists The most sigmficant reducbon of leal symptoms

was obtained with Myrothecnn verrucaria/N76 1 and actinnmycete/™N51 which re
duced the necrotic leaf area by 95%
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Parametar ;Mean coleoptile; Mean length of : Attack %
- length {cm) : necrotic areas @
: : per colegptile @
Treatment H : per tube f{cm) :
actinomycete/N51 : 5.1 : 0.5 : 9.8 ¢
Trichoderma viride/WRGI: 4.6 0.6 1 13.0 cd
Myrothecium verrucaria .. 4.7 ; 0.9 ;19.6 bo
H7e—1 T H :
Trichoderma pseudo- : 4.6 1.1 :23.9 ko
koningii/N 69 H : H
Trichoderma sp/BRL 124 - 4.6 : 1.5 1326 b
Control with D.teres : 4.6 : 4.5 :
alone H H t97.8a
Control with sterilized; 4.6 H : o]
distilled water alone H

Table 2 - Effect of seed treatment on reduction of coleoptile infection by D feres
The values (averages of 10 rephecates with 5 plantsitube) which are followed by the
same letter are not sigmficantly different at the 5% level using the test of Newman-

Keuls
Tableau 2 Efficacite des germes antagomstes sar la réduction du niveau dattague co.€opti.are
par D. teres

Straw treatment

The ability of the antagomists to suppress comdia formation 1n D teres wias
tested 1n the laboratory using infected straw treated with antagon.sts The search for
the more effective antagomsts (Table 4, showed that M)rothecum verrucaria/N7e 1,
Trichoderma viride/NRG 1 and actinomycete/NS1 could signficantly (P < 005) re
duce the number of conidia as compared with the unireated control.

Approximatively 79%, 75% and 70% of the comdia of D‘. feres were sup-
pressed 1n straw after 4 days and 76%, 81% and 83% after & days in the presence of
Myrothecuum verrucana/NT6 1 Trichoderma viride/NRG-1 and Actinemycete/NSI, re

spectively

DISCUSSION

The 11 vp0 expenments presented above have shown that three saprophytic
microorganusms (actinomycete/N51, Trichederma veride/NRG- 1 and Trichoderma pseu-
dokonmgu/Ng9) are efficient at three different stages 1n the Iife cycle of D feres
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Parameter :% Number :Leaf area:Coefficent: Disease
rof leaves. infected: of iredaction %
infected: par tinfegtion :
per ttreatment: H
Treatment ttreatment. :
actinomycete/N51 ; 8 H 2.0 16 ’ 95.3 a
Myrotheciom verrucaria : 10 1.6 @ 16 95.3 a
N76-1
Trichoderma viride/NRG1: 18  : 2.7 : 48.6  : 85.7 ab
Trichoderma sp/BRL 124 : 20  : 2.9 : 58 : 82.9 ab
Trichoderma pseudo- z : : :
koningii/HN69 : 13 : 3.7 - 48.1 : 85.9 ab
Control with D.feres H
alone : 50 : 6.8 : 340.0 : 0 c

Table 3 - Effect of antagomsts on reduct:on of leaf lesion by D. teres
Leaf areas were determuned visually and scored on a 0-9 scale {Table 1)
Dnsease reducnon  percent redaction m coefficient of infect.on w.th respect to control
The valaes {means of 3 replicates with 10 plants/poty which are followed by the same
letter are not sigmficantly different at the 5% level using the test of Newman-Keuls

Tableau 3 - Efficacité des germes antagomstes sur la dimnanon de Limportance de 1ésion fol
1ares de D teres

These antagonists markedly reduced the prodaction of comdial inoculum on
the straw They could also decrease significantly the mtensity of the coleoptile attack
by the seed-borne moculam Downes (1977) had already shown that the apphcation of
a bactenium, Erwinia herbicola, on oat seeds prevented the appearance of coleoptile
necreses induced by Pyrenophora avenae More recently, Vannaci & Pecchia (1986)
reported that Drechslera sorokouana on barley seeds could be partialdy inhibited by
Trichoderma harzranum and Chaetormum globoswm, whereas Al-Hasmini & Perry
(1986) observed a reduction of the coleoptile attack by Gerlachua nivahis m barley af-
ter the application of a spore suspension of Trichoderma vinde,

The antagomists selected also decreased the intensity of fohar symptoms
{through a reduction of the coefficient of infection) Scharen & Bryan (1981) had
shown the efficiency of a preventive fol.ar treatment with a bactenal suspension {Ba-
cillus lichentformis, against Drechslera teres on barley Slessman & Leben (1976) had
also observed that a bactenium (AN77) could reduce dramatcally the foliar symptoms

caused by Helmmthosporium maydrs on maize under controlled condit.ons but not 1n
the field
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Time after treatment : Sporulation after Sporulation after
H 4 davys H 6 days
Parameter - Conidia : % . ! Conidia : %
per 100 :reduction: per 100 :reduction
Treatment :conidioph-: sconidioph=:
. Ores H I Qres H
Control 130 a 342 a
M. verrucaria/N76-1  + 27.1 ¢t 79 i 63.7d:  76.6
Trichoderma viride/NRG1: 33.1 o+ 75 i 64.3d:  81.2
actinomycete/N $39.9 be: 70 : 49.6d:  85.5
Trichoderma sp/BRL 124 : 39.5 bo : 70 :  88.0 ci  74.3
Trichoderma pseudo-  : 58.5b: 55 : 183.0Db: 46
koningi:/N69 : : : :

Table 4 - Reduction of 1 feres conidia formatzon on the straw by antagomsts
Mean of ten replicates each replication consisted of 10 fragments of

100 comdiophores were scored
Reduction (%) 1n number of conidia with respect to control
The percentages followed by the same letter are not sigmficantly different at the 5% .ev-

¢l nsing the test of Newman-Keuls
Tableau 4 Efficacité des germes antagomstes sJr Ja comdiogénese de D teres sur les palles

straw for which

Among the three antaporusis selected, actnomycete/N51 displayed the broad-
est spectrum of action since 1ts efficiency in the three epidermologwcal sequences mn-
vestigated was good in every case An mcrease in efficiency mught be obtained
through the association of two or three different antagonists as a result of the synergis-
tic microorgamsms (Mostafa, 1982).

The antagomstic activity of these microorganisms in other sequences of the di-
scase, particularly survival, sull need to be tested The necrotrophic character of the
pathogen and the importance of the sapropaytic phase requJire the contro! of the multt
ple survival forms which generate the prmary woculum The surv.val forms on straw
are mostly responsible for the development of the d.sease on farm plots since the aer-
al exogenous 1nceulum, as a result of 1ts dispersion over short distances only, can be
considered as ep.demiologically non significant (Preming, 1968, Barrault, 1989) W.th
i this context, the efficiency of the antagomsts selected mught be tested on the follow
ing sarvisal forms ¢ the resting mycelum unhibition of the asexval morphogenesis,
1e comdiophores and.or comdra), « the sclerotia tnhubition of the myceliogenic actl
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vity), and nr the perithecia (inhibstion of the penthecium ascus and ascospores mor
phogenesis)

As to the action of the antagomsts on the teleomorph. Pfender (1988) showed
that a basidiomycele (Lunonomyces rosepellts), 1solated from a microbial community
on straw originatmg from mimimam tillage plots (where the disease was dechining), in-
hibited the formation of penthecia of Pyrenophora trinct repentis on wheat

The ological control of the pathogen in all its survival forms should be part
of an integrated control program aimed at reduc.ng the 1noculum pressure on the plot

REFERENCES

AL-HASHIMI MH and PERRY D A . 1986 Fungal antagomsts of Gerlachie nna s 7 Finie
pathal 116 (2) 106-112.

BAKER KF and COOK RJ., 1974 - Biclogical Control of Plant Pathogens San Francisco,
W H. Freer man & Co.

BARRALLT G, 1989 - L'Helmunthosponose de 1orge cansée par Drechistera teres  These Doc
torat d Etat Institut National Polytechnique de Toulouse, France

CAMPBELL R, 1990 - Current status of hiclogical control of soil-bome discases Sod! £ se ang
Management 6 (4) 173-178

COOK RJ and BAKER KR, 1983 The Nature ang Practice of Biological Control of Plant Pa-
thogens. 51 Paul, The Amencan Phytopathological Society

DOWNES M T 1977  Erwima herbicola for control of Pyrenophora avenae on oat seedlings
and of other organisms. Royal Insh Academy, Insh Nauonal Committee for Biology

Proceedings of Semunar on Biclogical Control (February 17 and 18, 1977 Dubln)
97 107

LOEGERING W D, 1959 - Method for record.ng cereals rust data Washington, Intemational
Spning Wheat Rust Nursery, 1959, USDA

MARTIN R A, 1985 - Disease progression and y.eld loss in barley assocated with net blowch as
influenced by fungicide seed treatment, Can. J. Plant. Parhol. 7. 83-90

MOSTAFA M, 1982 - Recherche sur la Latte mologique contre | Helnnndhosporm teres, para

site de l'orge, par lanhsation de mocroorgan.smes antagon.stes et dune sosche hypoag
ressive. These Docteur-Ingénmeur, n® 220, INP Toulouse

MOSTAFA M., BARRALLT G et ALBERTINI L, 1992 - Lutte biologigue contre Drechsiera
feres Action 1n v.tro de mucroorgamsmes antagonistes sur a croissance mycéhenne et la
germunation. Cryptog, Mycol 13 (2} 125-133

MUKERI K G and GARG K L, 1988 - Biocontrol of Plant Diseases {Velume 1) Flonda, CRC
Press Inc, Boca Raton

PFENDER W F, 1988 - Suppression of ascocarp formation in Pyrenophara frinict repenns by Li-
maonanyees roseipellts, a basidiomycete from reduced tillage wheat straw Phntoputholo
gy 78 1254-1258,

PIENING L], 1968 Development of batley net blotch from infected straw and seed Can J P/
Ser. 4 623-625

PURKAYASTHA R P 1989 - Modern approaches to biocontrol of crop pathogens and theu 1m
pheations fndian J Mycol Res, 27 (1: 16

SCHAREN AL and BRYAN MD. 1981 - A possible biolog cal control agent for net blotch of
barley. Phytopathology 71 (B): 902-903%

SHIPTON W A, KHAN IN and BOYD W1 1973 - Net bloich of barley Rev Plant Purhol
52 (3) 269 290

Source MNAMN Pans



BIOLOGICAL CONTROL OF DRECHSLERA TERES 295

SLESSMAN I P and LEBEN C, 1976 Microbial antagonists of Bipolans muydis Phytopathol
ogy 66, 1124-1218

SMEDEGARD PETERSEN ¥ 1974 Reduchion m yield and gran size of barley dae to attack
by net blowch fungus Pyrenophora teres. Kgl Vet Landbohpe sk Ars-skr 1974
108-117

SMITH IM, DUNEZ I, LELLIOT R A PHILLIPS DH and ARCHE S A, 1988 European
Handbook of Plant Diseases. London, Blackwell Scientific Publicabons 377-383

SNEDECOR, GW et COCHRAN, WG, 197] - Méthodes Statistigaes Pamg  Association de
Coordinanion Technique Agricole

SPURR HW, 1681 Expenments of foliar d.sease control using bactenal antagonmists  Pages
369 381, In: Microbial Ecology of the Phylloplane. New York, J P Blakeman ed., Ac
adenuc Press

SUTTON IC and STEELE P, 198% Effects of seed and fol.ar fungicides on progress of net
tlotch and yield i barley. Can. J PL Sci, 63 631-640

TAHVONEN R and AVIKAINEN H, 1990 Effect of Sireptomyces sp on seed-bome foot rot
chseases of wheat and barley I Pot expenments, Ann. Agric. Fenniae 29 187 197

VANNACI G and PECCHIA S, 1986 - Evaluation of biological seed treatment for controfling
seed-borne inoculum of Drechslera sorokinana on barley. Med, Fac Landbouww Ri-
Jesumv, Gent 51 (2b) 7T41-780

Source MNAMN Pans



